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(54) Optical glass; press-molding preform and method of manufacturing same; and optical 
element and method of manufacturing same 



(57) The present invention relates to optical glass 
having a high refractive Index, high dispersion, and a 
low glass transition temperature; a preform comprised 
of the optical glass for precision press-molding and a 
method of manufacturing the same; and an optical ele- 
ment comprised of the optical glass and a method of 
manufacturing the same. An example of the opttoal 
glasses for precision press molding is characterized by 
comprising essential components In the fonn of PgOg, 
Nb205, WO3, TiOg, BI2O3, Li20, and Na20; comprising 
optional components in the forni of B2O3, BaO, ZnO, 
K20. 86203, and As203; where the content of 61203 ex- 
ceeds 4 weight percent but does not exceed 15 molar 
percent; the content of Li20 exceeds 3 weight percent 
but does not exceed 15 weight percent; the combined 
quantity of Nb205, WO3, Ti02, and 81203 is from 25 to 
45 molar percent; the combined quantity of Li20, Na20, 
and K2O is less than or equal to 42 molar percent; the 
combined quantity of the essential components and op- 
tlonal components Is greater than or equal to 98 molar 
percent; the refractive index (nd) is from 1 .75 to 2.0; and 
the Abb6 number (vd) Is from 1 8 to 30. 
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Description 
(Technleal Field] 

5 [0001] The present invention relates to optical glass having a high refractive Index, high dispersion, and a low glass 
transition temperature; a prefonn comprised of the optical glass for precision press-molding and a method of manu- 
facturing the same; and an optical element comprised of the optical glass and a method of manufacturing the same. 

[Technicai Badcground] 

10 

[0002] Due to the extremely high efficiency afforded to optical design, attempts have been made to manufacture 
optical elements such as lenses, particularly aspherical lenses, out of high refractive Index, high-dlsperslon optical 
glass by precision press molding. In precision press molding, reducing thetemperature during press molding effectively 
extends the service life of the pressing mold. Thus, large amounts of lead oxide had been Incorporated into conventional 

15 glass for precision press molding having a high refractive index and high dispersion to Impart a low softening property. 
For example, Japanese Unexamined Patent Publication (KOKAI) Helsei No. 1 -308843 (Reference 1 ) discloses a glass 
containing 30-58 weight percent of PbO. Further, Japanese Unexamined Patent Publication (KOKAI) Heisel 7-2471 35 
(Reference 2) discloses a glass containing 25-54 weight percent of PbO. However, precision press molding is nonnally 
conducted In an inert atmosphere or weakly reducing atmosphere to prevent oxidation of the pressing moid, particularly 

20 the molding surface. During press molding of the glasses of the above-cited references, which contain large lead oxide 
components, the lead oxide at the surface of the glass is reduced, precipitating as metallic lead on the glass surface. 
This metallic lead then adheres to the pressing mold, not only compromising the precision of the molding surface of 
' the pressing mold, but also requiring maintenance to remove it Such maintenance is unsuited to mass production. 
Further, the melting of the glasses disclosed In References 1 and 2 above containing large amounts of lead oxide 

25 poses environmental problenns. Thus, the glasses disclosed In References 1 and 2 above are unsuitable for precision 
press molding. 

[0003] Among the optical glasses that are currently commercially available, there are optical glasses of high refractive 
index and high dispersion that have been lightened without incorporating lead oxide, such as the glass disclosed in 
Japanese Unexamined Patent Publication (KOKAI) Showa No. 62-3103 (Reference 3). However, when these glasses 

30 are employed in precision press molding, a high precision press molding temperature of greater than or equal to 650*0 
must be employed, resulting in substantial deterioration of the precision pressing moid material and greatly complicating 
mass production. Such glasses are thus impractical. Further, since the glasses themselves are unstable, crystals tend 
to precipitate in the glass during precision press molding; even when a mold material capable of withstanding high 
temperatures is employed, there Is a problem in that the yield of precision press-molded products Is extremely low. 

35 That Is, the higher the precision press-molding temperature, the greater the problems with oxidation and deterioration 
of the mold material, the more difficult it becomes to maintain the precision of the molding surface, and the more difficult 
it is to mass produce optical elements by precision press molding. Accordingly, there is a need to develop a high 
refractive index, high-dispersion optical glass for precision press molding with as low a glass transition temperature 
and sag temperature as possible without incorporating lead. 

40 [0004] For example, Japanese Unexamined Patent Publication (KOKAI) Heisel No. 5-51 233 (Reference 4) discloses 
a high refractive index, high-dispersion optical glass the composition of which, denoted as weight percentages, is 10 
to 20 percent of Si02, 3 to 15 percent GeOg, 0 to 7 percent B2O3, where the combined quantity of SiOg, GeOg, and 
B2O3 is from 20 to 27 percent; 1 9 to 29 percent TIO2, 1 7 to 29 percent Nb205, 0 to 7 percent BaO, where the combined 
quantity of NbgOg, Ti02, and BaO is 44 to 54 percent; 0 to 3 percent LI2O, 7 to 1 8 percent Na20, 0 to 22 percent K2O, 

45 0 to 20 percent CS2O, where the combined quantity of LI2O, NaaO, K2O, and CS2O Is 24 to 33 percent; with a sag 
temperature of less than or equal to 550° C, a refractive Index of greater than or equal to 1 .76, and an Abb6 number 
of less than or equal to 26.5. Although this glass achieves the objective of a low sag temperature, the use of a large 
amount of TiOa causes coloration of the glass, and there are problems with the stability and melting properties of the 
glass during mass production. Further, the essential component Ge02 is extremely expensive, precluding the low-cost 

so production of optical glass lenses. Still further, the glass described In Reference 4 has a high liquid phase temperature 
and a strong tendency to devitrify near the softening point, greatly complicating the production of glass prefonns for 
precision press molding and rendering this glass unsuited to precision press molding. 

[0005] Ordinary precision press molding is conducted within a temperature range of about 20 to SCO higher than 
the sag temperature of the glass. When the glass sag temperature exceeds 600°C, the pressing temperature becomes 
55 620"C or more, and OH radicals adhering to the surface ofthe glass react with the mold material, which ends up 
decomposing. This decomposition reaction leaves numerous bubbles on the surface of the press-molded glass lens, 
precluding the maintenance of the precision of the transf en-ed surface of the precision press molded lens and damaging 
the surface ofthe molding material, which are cieariy unsuited to mass produc^on. 
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[0006] Accordingly, the present invention hias for Its object to provide an optical glass having a high refractive index 
and high dispersion that is suited to precision press molding; a pref onn comprised of this giass that is suited to precision 
press molding and a method of manufacturing the same; and an optical element comprised of this optical glass and a 
method of manufacturing the same. 

5 

[Summary of the Invention] 

[0007] The above-stated problem is resolved by the following means: 

10 (1) An optical glass for precision press molding characterized by comprising essential components in the fomn of 

P2O5, NbgOg, WO3, TiOg, 81203, LigO, and Na20; comprising optional components in the f onn of B2O3, BaO, ZnO, 
K2O, Sb203. and ASgOg; where the content of BI2O3 exceeds 4 weight percent but does not exceed 15 niolar 
percent; the content of LigO exceeds 3 weight percent but does not exceed 15 weight percent; the combined 
quantity of Nb205, WO3, Ti02, and Bi203 is from 25 to 45 molar percent; the combined quantity of LI2O, NagO, 

IS and K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 

components is greater than or equal to 98 molar percent; the refractive index (nd) is from 1 .75 to 2.0; and the Abbd 
number (vd) is from 1 8 to 30. 

(2) An optical glass for precision press molding characterized by comprising essential components in the fomn of 
P2O5, Nb205, WO3, Ti02, Bi203, LI2O, Na20, and B2O3; comprising optional components in the fonn of BaO, ZnO, 
20 K2O, Sb203, and AS2O3; where the content of Bi203 is from 0.5 to 16 molar percent; the content of U2O exceeds 

3 weight percent but does not exceed 15 weight percent; the combined quantity of Nb205, WO3, TiOg, and 61203 
is from 25 to 45 molar percent; the combined quantity of Li^O. NagO. and K2O is less than or equal to 42 molar 
percent; the combined quantity of the essential components and optional components is greater than or equal to 
98 molar percent; the refractive index (nd) is from 1 .75 to 2.0; and the Abb6 number (vd) is from 1 8 to 30. 

25 (3) An optical glass for precision press molding characterized by comprising essential components in the fomi of 

P2O5, NbgOg, WO3, 1102, Bi203, LI2O, NagO; comprising optional components in the fomn of B2O3, BaO, ZnO, 
K2O, Sb203, and AS2O3; where the content of WO3 is less than 15 weight percent; the content of BigOs is from 
0.5 to 15 molar percent; the content of LIgO exceeds 3 weight percent but does not exceed 15 weight percent; the 
combined quantity of NbgOg, WO3, TiOg, and 61203 is from 25 to 45 molar percent; the combined quantity of LigO, 

30 NagO, and KgO Is less than or equal to 42 molar percent; the combined quantity of the essential components and 
optional components is greater than or equal to 98 molar percent; the refractive index (nd) Is from 1 .75 to 2.0; and 
the Abbe number (vd) is from 1 8 to 30. 

(4) An optical glass characterized by comprising 16 to 30 molar percent of P2O5, 5 to 25 molar percent of Nb205, 
1 to 40 molar percent of WO3, 1 to 1 0 molar percent of TiOg, 0.5 to 1 5 molar percent of Bi203 (where BI2O3 exceeds 

35 A weight percent and the combined quantity of Nb205, WO3, TIO2, and BigOs is from 25 to 45 molar percent), 4 to 

25 molar percent of LigO (but exceeding 3 weight percent), 4 to 25 moiar percent of Na20, 0 to 15 molar percent 
of K2O (where the combined quantity of LI2O, Na20 and K2O is less than or equal to 42 molar percent), 0 to 15 
molar percent of B2O3, 0 to 15 molar percent of BaO, 0 to 12 molar percent of ZnO, 0 to I molar percent of Sb203, 
and 0 to I molar percent of AS2O3; and in that the combined quantity of the above components is greater than or 

40 equal to 98 molar percent. 

(5) An optical glass characterized by comprising 16 to 30 molar percent of P2O5, 5 to 25 molar percent of NbgOg, 
1 to 40 molar percent of WO3, 1 to 1 0 molar percent of Ti02, 0.5 to 1 5 molar percent of 61203 (where the combined 
quantity of Nb205, WO3, Ti02, and 61203 is from 25 to 45 molar percent), 4 to 25 molar percent of Li20 (but 
exceeding 3 weight percent), 4 to 25 molar percent of Na20, 0 to 15 moiar percent of K2O (where the combined 

45 quantity of Li20. Na20 and K2O Is less than or equal to 42 molar percent), more than 0 but less than or equal to 
15 molar percent of B2O3, 0 to 15 molar percent of BaO, 0 to 12 molar percent of ZnO, 0 to 1 molar percent of 
Sb203, and 0 to 1 molar percent of AS2O3; and in that the combined quantity of the above components Is greater 
than or equal to 98 molar percent. 

(6) An optical glass characterized by comprising 16 to 30 moiar percent of P2O5, 5 to 25 moiar percent of Nb205, 
50 1 to 40 molar percent of WO3 (but less than 15 weight percent), 1 to 10 molar percent of 7102, 0-5 to 15 molar 

percent of 61203 (where the combined quantity of Nb205, WO3, Tt02, and 61203 is from 25 to 45 molar percent), 

4 to 25 molar percent of Li20 (but exceeding 3 weight percent), 4 to 25 molar percent of Na20, 0 to 15 molar 
percent of K2O (where the combined quantity of Li20, Na20 and K2O Is less than or equal to 42 molar percent), 
0 to 15 moiar percent of B2O3, 0 to 15 moiar percent of BaO, 0 to 12 moiar percent of ZnO, 0 to I molar percent 

55 of Sb203, and 0 to 1 molar percent of AS2O3; and in that the combined quantity of the above components is greater 

than or equal to 98 molar percent. 

(7) The optical giass according to any of the above (4) to (6) wherein the refractive index (nd) is from 1 .75 to 2.0 
and the Abb6 number (vd) is from 1 8 to 30. 
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(8) A precision press molding prefonm comprised of the optical glass according to any of the above (1) to (7). 

(9) A precision press molding prefomn characterized: 

by being comprised of an optical glass having essential components in the fonm of PgOg, NbgOg, WO3, TiOg, 
5 BI2O3, Li20, and NagO; optional components In the fonn of B2O3, BaO, ZnO, K2O, Sb203, and AS2O3; where 

the content of 81203 exceeds 4 weight percent but does not exceed 1 5 molar percent; the combined quantity 
of Nb205, WO3, Ti02, and 6(203 is from 25 to 45 molar percent; the combined quantity of Li20, Na20, and 
K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 
components is greater than or equal to 98 molar percent; the refractive Index (nd) Is from 1 .75 to 2.0; and the 
10 Abb§ number (vd) is from 1 8 to 30; 

In that a gob of the glass In a molten state has been solidified; and 
in that the preform have been shaped without mechanical processing. 

(1 0) A prefonn for precision glas$ molding characterized: 

by being comprised of an optical glass having essential components in the fomn of P2O5, Nb205, WO3, T1O2, 
BI2O3, LigO, NagO, and B2O3; optional components in the form of BaO, ZnO, K2O, Sb203, and AS2O3; where 
the content of BigOg is from 0.5 to 15 molar percent; the combined quantity of Nb205, WO3, TlOg, and BI2O3 
is from 25 to 45 molar percent; the combined quantity of Li20, Na20, and K2O is less than or equal to 42 molar 
20 percent; the combined quantity of the essential components and optional components is greater than or equal 

to 98 molar percent; the refractive index (nd) Is from 1 .75 to 2.0; and the Abb6 number (vd) is from 18 to 30; 
in that a gob of the glass in a molten state has been solidified; and 
In that the preform has been shaped without mechanical processing. 

25 (1 1 ) A preform for precision glass molding characterized: 

by being comprised of an optical glass having essential components in the fomri of P2O5, Nb20g, WO3, Ti02, 
BigOg, LigO, NagO; comprising optional components in the fomri of B2O3, BaO, ZnO, K2O, Sb203, and AsgOg; 
where the content of WO3 is less than 1 5 weight percent; the content of 61203 is from 0.5 to 1 5 molar percent; 

30 the content of Li20 exceeds 3 weight percent but does not exceed 1 5 weight percent; the combined quantity 

of Nb205, WO3, Ti02» and Bl^O^ is from 25 to 45 molar percent; the combined quantity of Li20, Na20, and 
K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 
components Is greater than or equal to 98 molar percent; the refractive index (nd) is from 1 .75 to 2.0; and the 
Abb6 number (vd) is from 18 to 30; 

35 in that a gob of the glass In a molten state has been solidified; and 

in that the prefonn has been shaped without mechanical processing. 

(12) A method of manufacturing a press molding prefonn characterized by comprising the steps of: 

40 separating a prescribed weight of glass melt from a glass melt flow, and 

forming a press molding preform comprised of this prescribed weight of the optteal glass according to any 
ofthe above (1)to (7). 

(1 3) An optical element comprised of the optical glass according to any of the above (1 ) to (7), which is In the form 
45 of a precision press-molded article. 

(14) An optical element obtained by precision press molding the precision press molding preform according to any 
of the above (8) to (11) or a precision press molding prefonn manufactured by the method of manufacturing ac- 
cording to the above (12). 

(15) A method of manufacturing an optical element characterized in that the precision press molding preform 
50 according to any of the above (8) to (11) or a precision press molding preform manufactured by the method of 

manufacturing according to the above (12) is heated and precision press molded. 

(1 6) The method of manufacturing an optical element according to the above (15) wherein the preform is introduced 
Into a pressing mold, both the pressing mold and prefonn are heated together, and precision press molding is 
conducted. 

55 (17) The method of manufacturing an optical element according to the above (15) wherein the pressing moid and 

preform are separately heated, the preheated prefonn is introduced Into the pressing mold, and precision press 
molding is conducted. 
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[Brief Description of the Drawings] 
[0008] 

5 Fjg. 1 is a schematic diagram of a pressing device for precision press molding aspherical lenses. 

[0009] The present Invention provides optical glass having a high refractive index and high dispersion properties, a 

' low-temperature softening property, and good resistance to devitrification. 

[0010] The present invention also provides a press molding preform (prefomn for press molding) comprised of the 

10 above optical glass and permitting stable precision press molding; and a method of manufacturing the same. 

[0011] The present invention further provides an optical element such as an asymmetrical lens comprised of the 
optical glass having a high refractive index and high dispersion properties by heating and precision press molding the 
above prefomn; and a method of manufacturing an optical element permitting the efficient manufacturing of this optical 
element. 

75 

[Best Mode of Implementing the Invention] 
[Optical Glass and Method of Manufacturing Same] 

20 [0012] To achieve the above-stated objects, the present Inventors conducted various tests, resulting in the discovery 
that the incorporation of Bi203 and WO3 into a P205-Nb205-Ti02-Li20-Na20-based glass pemnitted the development 
of a high refractive index, high dispersion optical glass for precision press molding having a transition temperature (Tg) 
of less than or equal to SSO^C, a sag temperature (Ts) of less than or equal to 560''C, a high refractive index (nd) of 
greater than or equal to 1.75, a low Abbd number (vd) of less than or equal to 30, good stability, and good mass 

25 production properties; the present invention was devised on that basis. A first aspect (glass (1) hereinafter) and a 
second aspect (glass (2) hereinafter) of the optical glass of the present invention will be described. Three variations 
of glass (1 ) denoted as glasses (1 -1 ) to (1 -3) (corresponding to claims 1 to 3) will be described, and three variations 
of glass (2) denoted as glasses (2-1) to (2-3) (corresponding to claims 4 to 6) will be described. 

30 (Glass (1)) 

[0013] 

Glass (1 ) is an optical glass for precision press molding characterized by comprising essential components In the 

35 form of P2O5, Nb205, WO3, Ti02, 61203, LI2O, and Na20; comprising optional components In the form of B2O3, 
BaO, ZnO, KgO, Sb203, and AS2O3; where the content of 61203 is from 0.5 to 15 molar percent; the combined 
quantity of Nb205, WO3, Ti02, and 61203 is from 25 to 45 molar percent; the combined quantity of Li20, Na20, 
and K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 
components is greater than or equal to 98 molar percent; the refractive index (nd) is from 1 .75 to 2.0; and the Abbe 

40 number (vd) is from 1 8 to 30. 

Glass (1-1) is glass (1) wherein the content of BigOg exceeds 4 weight percent and Is less than or equal to 15 
molar percent and the content of LI2O exceeds 3 weight percent but does not exceed 15 weight percent. The 
incorporation of a relatively large amount of 61203 enhances glass stability and weatherabillty. 
Glass (1 -2) is glass (1) wherein B2O3 Is Incorporated as an essential component and the content of Li20 exceeds 

45 3 weight percent but does not exceed 1 5 weight percent. The incorporation of B2O3 both enhances the melt property 
and more effectively suppresses bubbling of the glass during precision press molding, as will be set forth below. 
Glass (1 -3) Is glass (1 ) wherein the quantity of WO3 is less than 1 5 weight percent and Ihe quantity of LI2O exceeds 
3 weight percent but does not exceed 15 weight percent. Employing a relatively small amount of WO3 facilitates 
the direct molding of a prefomn from the glass melt and more effectively suppresses bubbling of the glass during 

so precision press molding. 

[0014] In glass (1), to maintain or enhance weatherabillty and stability while imparting a high refractive index and a 
high dispersion characteristic, the content of 61303 Is desirably kept to within from 0.5 to 1 5 molar percent in glasses 
(1 -2) and (1-3). In each of glasses (1 -1 ) to (1 -3), the content of Bi203 desirably exceeds 2 molar percent but does not 
S5 exceed 1 5 molar percent. 

[0015] In glass (1), PgOg, Nb205, WO3. T1O2, BI2O3, LI2O. and NagO are essential components to impart stability, a 
low softening property, a high refractive index, and a high dispersion characteristic. 

[0016] In glass (1 ), B2O3, BaO. ZnO, KgO, SbgOs, and AS2O3 are incorporated as optional components to enhance 
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the melt property and quality; Impart a low softening property, a high refractive index, and a high dispersion character- 
istic; and prevent bubbling of the glass during press molding. However, in glass (1-2), B2O3 is incorporated as an 
essential component. 

[0017] The combined quantity of Nb205, WO3, TiOg, and 6)203 is from 25 to 45 molar percent. When 45 percent is 
5 exceeded, molten glass yielding a high refractive index and a high dispersion characteristic tends to develop color and 
devitrification stability deteriorates. At less than 25 molar percent. It becomes difficult to achieve the desired optical 
characteristics. 

[001 8] A combined quantity of LI2O, NagO. and K2O of less than or equal to 42 molar percent yields a low softening 
property suited to precision press molding together with the desired optical constants and weatherabllity. 
10 [0019] A combined quantity of the essential components and optional components of greater than or equal to 98 
molar percent improves the various above-described characteristics. 

[0020] Glass (1) of the present invention has a high refractive Index and a high dispersion characteristic. The high 
refractive index targeted by the present invention is a refractive index (nd) of from 1 .75 to 2.0 and the high dispersion 
characteristic targeted by the present Invention is an Abb6 number (vd) of from 1 8 to 30. 

IS 

(Glass (2)) 

[0021 ] Glass (2) Is an optical glass characterized by comprising 1 6 to 30 molar percent of P2O5, 5 to 25 molar percent 
of Nb205, l. to 40 molar percent of WO3, 1 to 10 molar percent of Ti02, 0.5 to 15 molar percent of BI2O3 (where the 

20 combined quantity of Nb205, WO3, Ti02, and 61203 is from 25 to 45 molar percent), 4 to 25 molar percent of Li20, 4 
to 25 molar percent of Na20, 0 to 15 molar percent of K2O (where the combined quantity of Li20, Na20 and K2O is 
less than or equal to 42 molar percent), 0 to 1 5 moiar percent of B2O3, 0 to 15 molar percent of BaO, 0 to 12 molar 
percent of ZnO, 0 to 1 moiar percent of SbgOs, and 0 to 1 molar percent of AS2O3; and in that the combined quantity 
of the above components is greater than or equal to 98 molar percent. 

25 [0022] Glass (2-1 ) is glass (2) wherein the content of 81203 exceeds 4 weight percent but does not exceed 15 moiar 
percent and the quantity of LigO is from 4-25 molar percent (but exceeds 3 weight percent). The incorporation of a 
relatively large quantity of 81203 yields a glass of greater stability and weatherabllity. 

[0023] Glass (2-2) is glass (2) wherein B2O3 is incorporated as an essential component (with the content of B2O3 
exceeding 0 molar percent) and the content of LigO is from 4 to 25 molar percent (but exceeds 3 weight percent). The 
30 incorporation of B2O3 enhances melt properties and more effectively suppresses bubbling of the glass during precision 
press molding, as is described further below. 

[0024] Glass (2-3) is glass (2) wherein the WO3 content is less than 15 weight percent and the U2O content is from 
4 to 25 molar percent (but exceeds 3 weight percent). The relative reduction in the amount of WO3 effectively sup- 
presses bubbling of the glass during precision press molding. 
35 [0025] In glass (2), to maintain or enhance weatherabllity and stability while imparting a high refractive Index and a 
high dispersion characteristic, the content of 81203 is desirably kept to within from 0.5 to 15 molar percent in glasses 
(2-2) and (2-3). In each of glasses (2-1) to (2-3), the content of B2O3 desirably exceeds 2 molar percent but does not 
exceed 15 molar percent. 

[0026] in glass (2) of the present invention, a high refractive Index and high dispersion characteristics are desirable. 
40 The tenn "high refractive index" refers to a refractive index (nd) of from 1 .75 to 2.0, for example, and the tenm "high 
dispersion characteristic" to an Abbe number (vd) of from 1 8 to 30. 

[0027] The functions of the individual components of glass (2) will be described next. The functions of the individual 
components of glass (1) are identical. Unless specifically stated othen/vise, the contents and combined quantities of 
the various components denote molar percentages. 

45 [0028] P2O5 is an essential component fonning a network fonner In the glass and Imparting stability to the glass 
pennitting manufacturing. However, when the content of P2O5 exceeds 30 molar percent, the glass transition temper- 
ature and sag temperature increase, the refractive index decreases, and the Abb6 number increases. At a content of 
less than 1 6 moiar percent, there is a strong tendency for the glass to devitrify and the glass becomes unstable. Thus, 
the P2O5 content is set to within the range of from 16 to 30 molar percent, preferably within the range of from 17 to 28 

so molar percent. 

[0029] Nb205 is also an essential component of the present invention that is indispensable and perfomns an extremely 
important function in imparting characteristics such as a high refractivo index and high dispersion to the glass without 
employing PbO. However, there are drawbacks in that when the quantity incorporated exceeds 25 molar percent, the 
glass transition temperature and sag temperature increase, stability deteriorates, high temperature melt properties 
S5 deteriorate, and the glass tends to develop bubbles and coloration during precision press molding. When the quantity 
incorporated is less than 5 molar percent, the refractive index of the glass decreases and dispersion diminishes. Thus, 
the content of Nb205 suitably ranges from 5 to 25 molar percent, desirably from 1 0 to 25 molar percent, and preferably 
from 12 to 23 molar percent. 
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[0030] WO3 is another essential component of the present Invention that can effectively Impart a low melting point 
and a high refractive index and a high dispersion characteristic to the glass without the use of PbO. WO3 lowers the 
glass transition temperature and sag temperature of the glass in the same manner as alkali metal oxides while raising 
the refractive index. That is, WO3 Is another component that is essential to decreasing the glass transition temperature 

5 while maintaining a high refractive index characteristic (or increasing the refractive index while maintaining a low glass 
transition temperature). The Introduction of a small quantity has the effect of markedly reducing the liquid-phase tem- 
perature (devitrification temperature) of the glass, thus pemnltting a reduction in the temperature of the glass melt flow, 
increasing working viscosity, and facilitating the obtaining of homogenous optical glass free of striae. Accordingly, the 
incorporation of an small quantity of WO3 to obtain an optical glass material containing a large amount of high refractive 

10 index components and having a high refractive index and high dispersion even for an optical glass such as in the 
present invention results in not yielding the above-mentioned advantages in the manufacturing process of shaping 
glass in a molten state. However, materials containing tungsten compounds are characterized by being polyvalent, 
such as (pentavalent) and (hexavalent), and tend to change from one valence to another even in the air. 
Thus, at the temperatures reached by the glass material during precision press molding, that is, within the temperature 

15 range of from 400 to 800°C, the greater the amount of WO3 that is incorporated, the more micro adhesion of the glass 
and mold contamination that occur with charge transfer between the glass and the pressing mold, causing the surface 
of the pressing mold to lose Its smoothness. As a result, micro scars and the like remain on the optically functional 
surfaces (such as the optical surfaces of a lens) of the precision press-molded optical element, tending to deteriorate 
the smoothness of these surfaces. Thus, in the stable mass production of a glass material for precision press molding 

20 containing a large amount of high refractive index components and having a high refractive index and high dispersion 
even for an optical glass such as in the present Invention, the incorporation of a large quantity of tungsten is undesirable. 
For the above-stated reasons, WO3 is a highly important component requiring the exercise of great care in setting the 
quantity incorporated into the glass. As a result, there are desirable upper and lower limits to the quantity incorporated. 
Specifically, a range of 1 to 40 molar percent is desirable, a range of 2 to 40 molar percent Is preferred, a range of 2.5 

25 to 30 molar percent Is of greater preference, a range of 2.5 to 20 molar percent is of still greater preference, a range 
of 2.5 to 1 5 molar percent is of yet greater preference, and a range of 2.5 to 1 0 molar percent is of particular preference. 
In glasses (1 -3) and (2-3), the quantity of WO3 is set to less than 1 5 weight percent. In glasses (1 -1 ), (1 -2), (2-1 ), and 
(2-2), the quantity of WO3 that is desirably incorporated is less than 1 5 weight percent. In each of glasses (1 -1 ) to (2-3), 
the quantity of WO3 that is desirably incorporated is less than or equal to 14.5 weight percent, preferably less than or 

30 equal to 1 4 weight percent, more preferably less than or equal to 1 2 weight percent, and still more preferably less than 
or equal to 1 0 weight percent. Lower limit given in weight percent, preferred is more than or equal to 1 weight percent, 
more preferred Is more than or equal to 2 weight percent. To achieve an adequate WO3 incorporation effect, the ratio 
of W to the combined quantity ofNb, W, Ti, and Bl In the cationic ratio (W/(Nb+W+Tl+BI)) is desirably greater than or 
equal to 0.035, preferably greater than or equal to 0.04, more preferably greater than or equal to 0.045, and still more 

35 preferably greater than or equal to 0.05. The upper limit of the W/(Nb4>W+Ti+Bi) is about 0.2, preferably less than or 
equal to 0.17, more preferably less than or equal to 0.15, stilt more preferably less than or equal to 0.12, still further 
preferably less than or equal to 0.10. 

[0031] Ti02, another essential component of the present invention, has the effects of increasing the refractive index 
and dispersion property and enhancing the weatherability and themial stability of the glass (against devitrification). 

40 The incorporation of a small quantity has the effect of markedly lowering the liquid-phase temperature (devitrification 
temperature) of the glass, thus pennitting a reduction In the temperature of the glass melt flow, increasing working 
viscosity, and facilitating the obtaining of a homogenous optical glass free of striae. Accordingly, the incorporation of 
an excessively small quantity of TIO2 to obtain an optical glass material containing a large amount of high refractive 
index components and having a high refractive index and high dispersion even for an optical glass such as in the 

45 present invention results in not yielding the above-mentioned advantages in the manufacturing process of shaping 
glass In a molten state. To solve such problems, T102 Is Indispensable to the glass. However, at a content of less than 
1 molar percent, the refractive index and dispension of the glass decrease and there is a risk of deterioration of glass 
stability. When the content exceeds 10 molar percent, the thermal stability of the glass deteriorates sharply, and the 
sag temperature and liquid-phase temperature Increase abruptly. Thus, the quantity incorporated is limited to within 

50 the range of from 1 to 10 molar percent, desirably to within the range of from 2 to 8 molar percent. 

[0032] Bi203, a further essential component of the present invention, effectively Imparts a high refractive index and 
a high dispersion property to the glass and increases the stability of the glass. The Incorporation of a small quantity of 
BigOg has the effect of markedly lowering the liquid-phase temperature (devitrification temperature) of the glass, thus 
pennitting a reduction in the temperature of the glass melt flow, increasing working viscosity, and facilitating the ob- 

55 tatning of homogenous optical glass free of striae. Accordingly, the incorporation of an excessively small quantity of 
Bi203 to obtain an optical glass material containing a large amount of high refractive index components and having a 
high refractive index and high dispersion even for an optical glass such as In the present invention results in not yielding 
the above-mentioned advantages in the manufacturing process of shaping glass in a molten state. To solve such 
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problems, BigOs is indispensable to the glass. 61203 affords the following advantages. When glass mett is caused to 
flow out of a pipe made of platinum alloy, for example, for extended periods, the surface of the pipe becomes coarse 
and minute irregularities develop, sometimes disrupting the flow of glass. When forming prefonns for precision press 
molding from a glass flow, the disruption of the glass flow causes the development of striae, resulting in defective 

5 product. However, the surface of a pipe through which glass containing BigOs flows remains smooth and does not lose 
its luster even over extended periods. Further, even when the above irregularities are present, the flow of glass con- 
taining 61203 has the effect of restoring metallic luster to the pipe surface. By exploiting this effect, it Is possible to 
prevent the generation of striae and manufacture high-quality prefonms for precision press molding with high efficiency. 
Glass containing 61303 also has the property of tending not to wet the outer perimeter of the flowpipe. Glass that wets 

10 the outer perimeter becomes denatured, and when this denatured glass is picked up in the glass melt flow, the quality 
of the prefomi drops. The incorporation of BigOs reduces wetting of the outer perimeter by the glass and prevents such 
reduction in the quality of the prefomn. When fonning prefonms by dripping glass from a pipe, wetting of the outer 
perimeter of the pipe by the glass sometimes decreases the weight precision of the.preform. Adding 61303 to the glass 
reduces such wetting, permitting the fonnation of a prefomn of high weight precision. For these reasons, 61203 is an 

IS indispensable component that is incorporated In a quantity exceeding 4 percent when denoted as a weight percentage 
and in a quantity of greater than or equal to 0.5 percent when denoted as a molar percentage. However, when the 
quantity Incorporated exceeds 15 molar percent, damage of the platinum alloy pipe flowing glass melt becomes re* 
markable and the glass tends to develop color. When the quantity Incorporated is less than 0.5 molar percent, the 
refractive Index decreases and dispersion drops. Thus, the 61203 content suitably falls within a range of from 0.5 lo 

20 15 molar percent, desirably 1 to 1 5 molar percent, preferably a range exceeding 2 molar percent but not exceeding 1 5 
molar percent, and still more preferably a range exceeding 2 molar percent but not exceeding 1 0 molar percent. How- 
ever, in glasses (1-1) and (2-1), a quantity of 61203 exceeding 4 weight percent is incorporated to further increase 
weatherability and stability. In glasses (1-2), (1-3), (2-1), and (2-3), BI2O3 Is incorporated in a quantity exceeding 4.5 
weight percent and desirably greater than or equal to 5 percent. 

25 [0033] When the combined quantity of Nb205, WO3, Ti02, and 61203 exceeds 45 molar percent, although a high 
refractive index and a high dispersion characteristic are achieved, the glass melt tends to develop color and thermal 
stability deteriorates. When this combined quantity is reduced to less than 25 molar percent, targeted optical charac- 
teristics such as the refractive Index and dispersion are not achieved. Thus, the combined quantity of NbgOg, WO3, 
TIO2, and 61303 Is set to within a range of from 25 to 45 molar percent, preferably a range of from 27 to 42 molar percent. 

30 [0034] Alkali metal oxides such as Li20. Na20, and K2O are all components incorporated to improve the resistance 
to devitrification of the glass, decrease the sag temperature and liquid-phase temperature, and enhance the high tem- 
perature melt properties of the glass. Therefore, Li20 is incorporated in a quantity exceeding 3 weight percent but not 
exceeding 15 weight percent, desirably exceeding 3 weight percent but less than 15 weight percent, and preferably 
from 3.1 to 14.5 weight percent. Denoted as molar percentages, the quantity of LI2O incorporated is greater than or 

35 equal to 2 molar percent, desirably greater than or equal to 4 molar percent, and the quantity of Na^O incorporated is 
greater than or equal to 4 molar percent. A combined quantity of Li20, NagO, and K2O is preferably more than or equal 
to 25 molar percent, more preferably more than or equal to 30 molar percent, still more preferably more than or equal 
to 32 molar percent. However, when Li20 and Na20 are each incorporated in quantities exceeding 25 molar percent 
and KaO is incorporated in a quantity exceeding 15 molar percent, not only does the stability of the glass deteriorate, 

40 but the targeted high refractive index and high dispersion characteristic are precluded. Even when a combined quantity 
of Li20, NagO, and K2O of 42 molar percent or more is incorporated, not only does the stability of the glass deteriorate, 
but obtaining the targeted high refractive Index and high dispersion characteristic is precluded. Thus, the quantity of 
Li20 incorporated is preferably set to from 4 to 25 molar percent, the quantity of NagO incorporated set to from 4 to 25 
molar percent, and the quantity of K2O incorporated set to from 0 to 15 molar percent, with the combined quantity of 

45 U2O, NaaO, and K2O incorporated being set to less than or equal to 42 molar percent, desirably less than 42 molar 
percent, and the quantity of Li20 incorporated desirably being set to from 4 to 25 molar percent, the quantity of NagO 
incorporated to from 5 lo 20 molar percent, and the quantity of K2O incorporated lo from 1 to 15 molar percent. The 
prefen-ed range of the combined quantity of Li20, NagO, and KgO incorporated is desirably less than or equal to 38 
molar percent, with ranges of U2O of from 5 to 20 molar percent and K2O of from 1 to 8 molar percent being of greater 

so preference. 

[0035] Among the above alkali metal oxides, Li20 is the most effective at Increasing the refractive index while lowering 
the glass transition temperature and sag temperature. Thus, LigO is predominantly incorporated In the present inven- 
tion. Although not quite to the same extent as Li20, NagO is a component essential to obtaining the above-described 
effects, and is thus included along with Li20 as an essential component among the alkali metal oxides. However, since 
55 the viscosity of the glass tends to decrease as the amount of L\20 increases, shaping of the glass melt becomes 
difficult. To solve this problem and to make total properties of the glass suit for precision press molding, it is necessary 
to decrease the liquid-phase temperature of the glass, and then, impart Increased working viscosity by lowering the 
woricing temperature, by incorporating small quantities of Individual components that deteriorate the characteristics of 
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glass for precision press molding due to adhesion of the glass to the pressing mold or damage to platinum alloys during 
precision press molding when incorporated in excessive quantities, such as the above-described WOa^TiOa, and 61203. 
As a result, Li20 and Na20 in particular among the alkali metal oxides, and high refractive index components having 
the effect of lowering the liquid-phase temperature, namely. WO3, Ti02, and 61203, are essentia! components of the 
5 glass for precision press molding of the present invention. To enhance the above-described effect of incorporating 
□20, the proportion of Li20 in the alkali metal oxides in the glass, denoted as Li20/(Li204>Na20-fK20), is desirably 
greater than or equal to 0.4, preferably greater than or equal to 0,46, more preferably greater than or equal to 0,50, 
and still more preferably greater than or equal to 0.55. 

[0036] Having K2O present with TIO2 has the effect of suppressing coloration of the glass. Thus, in each of glasses 
10 (1-1) to (1-3) and (2-1) to (2-3), K2O is desirably incorporated as an essential component, desirably in a quantity of 
greater than or equal to 1 molar percent, preferably in the above-stated quantity of 1 to 15 molar percent, and more 
preferably in a quantity of 1 to 8 molar percent. 

[0037] B2O3 is an extremely effective component for homogenizing and enhancing the melt properties of the glass. 
Further, the incorporation of a small quantity of B2O3 changes the bounding property of OH present within the glass 

IS and is extremely effective at preventing bubbling of the glass during pressing. However, when a quantity of B2O3 
exceeding 1 5 molar percent is incorporated. It becomes necessary to incorporate a large quantity of NbaOg to maintain 
a high refractive index, rendering the glass extremely unstable. Thus, the quantity of B2O3 incorporated Is set to from 
O.to 15 molar percent, desirably from 1 to 15 molar percent, and preferably from 1 to 12 molar percent. However, to 
further enhance the above-described melt properties and antifoaming effect, B2O3 is added as an essential component 

20 to glasses (1 -2) and (2-2). Further, 1 -1 5 molar percent of B2O3 is desirably incorporated into each of glasses (1 -1 ) to 
(2-3). 

[0030] BaO is a component that effectively increases the refractive Index of the glass, enhances devitrification sta- 
bility, and lowers the liquid-phase temperature. Particularly when incorporating a large amount of WO3, the Incorporation 
of BaO suppresses coloration of the glass and effectively increases devitrification stability. However, when the quantity 

25 of BaO Incorporated exceeds 15 molar percent, not only does the glass become unstable, but the transition temperature 
and sag temperature increase. Thus, the quantity of BaO incorporated is limited to from 0 to 15 molar percent, desirably 
to from 0 to 12 molar percent, and preferably to a quantity exceeding 0 but not exceeding 12 molar percent. 
[0039] ZnO is a component incorporated to increase the refractive index and dispersion. The Incorporation of a small 
quantity of ZnO has the effect of lowering the transition temperature, sag temperature, and liquid phase temperature. 

30 However, the incorporation of a large quantity results in marked deterioration of glass devitrification stability and runs 
the risk of raising the liquid-phase temperature. Accordingly, the quantity of ZnO incorporated is set to within a range 
of 0 to 12 molar percent, desirably 1 to 10 molar percent, and preferably 2 to 8 molar percent. 
[0040] Sb203 and AS2O3 are effective as glass clarifying agents. However, when either is added in a quantity ex- 
ceeding 1 molar percent, the glass tends to bubble during precision press molding. Thus, the quantity Incorporated Is 

35 limited to less than or equal to 1 molar percent. Since AS2O3 is toxic, it is desirably not added in consideration of its 
effect on the environment. Components such as SiOg, LagOs, Y2O3, Gd203, Zr02, TagOg, Ge02, CaO, l\/lgO, and CS2O 
may be incorporated in a combined quantity up to 2 molar percent to the extent that the object of the present invention 
is not compromised. However, Ge02 is desirably not incorporated in consideration of its expensive cost and Ta205 is 
desirably not incorporated due to its expensive cost as well, PbO and CdO are desirably not incorporated due to their 

40 effects on the environment. 

[0041] In glass (2), the combined quantity of the above components is greater than or equal to 98 percent. When 
the combined quantity of the above components is less than 98 molar percent, there is a risk of not achieving the 
various properties targeted by the present invention, such as a high refractive Index, a high dispersion characteristic, 
a low softening property, and high stability. The combined quantity of the above components is desirably greater than 

'*5 or equal to 99 molar percent. The combined quantity of the above components without AS2O3 desirably falls within the 
various above-stated ranges. 
[0042] Preferred composition ranges are given below. 

(Preferred composition range 1) 

so 

[0043] Glass (2) with 17 to 28 molar percent of P2O5, 10 to 25 nnolar percent of NbgOg, 2 to 40 molar percent of 
WO3, 2 to 8 molar percent of TiOg, 1 to 15 molar percent of BigOg, with a combined quantity of NbgOg, WO3, TiOg, and 
BigOg of from 27 to 42 molar percent, 4 to 25 molar percent of LigO, 5 to 20 molar percent of NagO, 1 to 15 molar 
percent of KgO, with the combined quantity of LigO, NagO and K2O being less than or equal to 38 molar percent, 1 to 
55 12 molar percent of B2O3, 0 to 1 2 molar percent of BaO, 1 to 1 0 molar percent of ZnO, 0 to 1 molar percent of SbgOg, 
and 0 to 1 molar percent of AS2O3, with the combined quantity of the above components being greater than or equal 
to 98 molar percent. Preferably, the content of AsgOg is 0 molar percent. 
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(Preferred composition range 2) 

[0044] Glass (2) with 17 to 28 molar percent of P2O5. 12 to 23 molar percent of NbgOs, 2.5 to 30 molar percent of 
WO3, 2 to 8 molar percent of TIO2, more than 2 but not more than 1 5 molar percent of BlgOg. with a combined quantity 
5 of Nb205, WO3, Ti02, and 8(203 of from 27 to 42 molar percent, 5 to 20 molar percent of LI2O, 5 to 20 molar percent 
of Na20, 1 to 8 molar percent of K2O, with the combined quantity of LIgO, NagO and K2O being less than or equal to 
38 molar percent, 1 to 12 molar percent of B2O3, 0 to 12 molar percent of BaO, 2 to 8 molar percent of ZnO, 0 to 1 
molar percent of Sb203, and 0 to 1 molar percent of AS2O3, with the combined quantity of the above components being 
greater than or equal to 98 molar percent. Preferably, the content of AS2O3 is 0 molar percent. 

to 

(Preferred composition range 3) 

[0045] Glass (2) with 1 7 to 28 molar percent of P2O5, 12 to 23 molar percent of Nb205, 2.5 to 30 molar percent of 
WO3, 2 to 8 molar percent of TIO2, more than 2 but not more than 1 0 molar percent of BI2O3, with a combined quantity 
^5 of Nb205, WO3, 7102, and BI2O3 of from 27 to 42 molar percent, 5 to 20 molar percent of U20, 5 to 20 molar percent 
of Na20, 1 to 8 molar percent of KgO, with the combined quantity of Li20, Na20 and K2O being less than or equal to 
38 molar percent, 1 to 1 2 molar percent of B2O3, 0 to 1 2 molar percent of BaO, 2 to 8 molar percent of ZnO, 0 to 1 
molar percent of Sb203, and 0 to 1 molar percent of AS2O3, with the combined quantity of the above components being 
greater than or equal to 98 molar percent. Preferably^ the content of AS2O3 is 0 molar percent. 

20 

(Prefenred composition range 4) 

[0046] Glass (2) with 1 7 to 28 molar percent of P2O5, 1 2 to 23 molar percent of Nb205, 2.5 to 30 molar percent of 
WO3, 2 to 8 molar percent of TIO2, more than 2 but not more than 1 0 molar percent of BI2O3, with a combined quantity 

25 of Nb205, WO3, n02. and BI2O3 of from 27 to 42 molar percent, 5 to 20 molar percent of LI2O, 5 to 20 molar percent 
of Na20, 1 to 8 molar percent of K2O, with the combined quantity of Li20, Na20 and K2O being less than or equal to 
38 molar percent, 1 to 12 molar percent of B2O3, more than 0 but not more than 12 molar percent of BaO, 2 to 8 molar 
percent of ZnO, 0 to 1 molar percent of SbgOg, and 0 to 1 molar percent of AS2O3, with the combined quantity of the 
above components being greaterthan or equal to 98 molar percent. Preferably, the content of AS2O3 is 0 molar percent. 

30 In each of preferred composition ranges 1 to 4, WO3 Is desirably Incorporated in a quantity of 2.5 to 1 5 molar percent, 
preferably in a quantity of 2.5 to 1 0 molar percent, more preferably in a quantity of 2.5 to 9 molar percent, and still more 
preferably in a quantity of 2.5 to 8 molar percent. In each of prefen'ed composition ranges 1 to 4, the combined quantity 
of Li20, Na20 and K2O Is desirably incorporated in a quantity of 25 to 38 molar percent, preferably In a quantity of 30 
to 38 molar percent, and more preferably in a quantity of 32 to 38 molar percent. 

35 [0047] Each of the above prefen'ed composition ranges is limited to the composition ranges of glasses (2-1 ) to (2-3), 
. which are variations of glass (2). In each of the above pretended composition ranges, the combined quantity of the 
above-listed components is desirably greaterthan or equal to 99 percent, preferably 100 molar percent, with no AS2O3 
desirably being employed. 

[0048] Glasses (1 ) and (2) with a glass transition temperature (Tg) of less than or equal to 530°C and a sag temper- 
40 ature (Ts) of less than or equal to 560''C are desirable as optical glass for precision press molding. These glasses 
preferably have a glass transition temperature (Tg) of less than or equal to 500^0 and a sag temperature (Ts) of less 
than or equal to 530''G. The glass transition temperature (Tg) of the glasses is more preferably less than 480°C, still 
more preferably less than or equal to 475'C. 

[0049] Glass stability is important in the fomriing of prefomis for press molding from glass melt while the glass is in 
^5 a plastically deformable state. Glasses (1) and (2) desirably have liquid-phase temperatures of less than or equal to 
970*'C to achieve good fomnlng of such prefomns. 

(Method of manufacturing glasses (1) and (2)) 

so [0050] As starting materials for glasses (1 ) and (2), H3PO4, metaphosphate, diphosphorus pentoxide, and the like 
may be employed for P2O5; H3BO3 and B2O3 may be employed for B2O3; and carbonates, nitrates, oxides and the 
lil<e may be suitably employed for the other components. These starting materials are weighed out in a prescribed ratio 
and mixed for use as a mixed starting material. This mixed starting material Is placed in a melting fumace that has 
been heated to 1,000 to 1,250*'C; melted, clarified, stirred, and homogenized; cast in a casting mold; and gradually 

55 cooled to obtain the low melting point, high refractive index, and high dispersion optical glass of the present invention. 
[0051] Glass (1) desirably has a refractive index (nd) of 1 ,75 to 2.0 and an Abb6 number (vd) of 1 8 to 30, and glass 
(2) desirably has a refractive index (nd) of 1 .75 to 2.0 and an Abb6 number (vd) of 18 to 30. To obtain glass (1) with a 
refractive index (nd) and Abb§ number (vd) within the stated ranges, it suffices to set BigOg to within a range of from 
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2 to 15 molar percent, set the combined quantity of NbaOg, WO3, T1O2, and BIgOg to within a range of from 25 to 45 
molar percent, for example, and adjust the quantities of the various components to obtain the targeted optical constants. 
To obtain glass (2) with a refractive index (nd) and Abb§ number (vd) within the stated ranges, it suffices to suitably 
adjust the contents of the various components within the above-staged ranges. Since glasses (1 ) and (2) have a low 
5 melting property suited to precision press molding and good stability suited to the direct fomiation of preforms from 
glass melt gobs despite a high refractive index, it is more effective for the refractive Index (nd) to be greater than 1 .80, 
and still more effective for it to be greater than 1 .83. 

[0052] The present Invention further covers prefonms for precision press molding comprised of glasses (1 ) and (2). 
The tenn "precision press molding preform" means a molded member of glass equal in weight to the press-molded 
10 article. The method of manufacturing such preforms Is Identical to the method of manufacturing preforms for precision 
press molding, described further below. 

■ • . t i 

[Precision press molding preform and method of manufacturing the same] 

IS [0053] The precision press molding preform (con-esponding to claims 9 to 11 ) and method of manufacturing the same 
of the present Invention will be described next. The term "precision press molding preform" means a molded member 
of glass equal in weight to the press-molded article. The prefomn Is molded to a suitable shape based on the shape of 
the press-molded article; examples of such shapes are spherical and spheroidal. The prefomn Is heated to a viscosity 
permitting press molding and supplied to press molding. 

20 [0054] The shape of the prefomi, including the above-mentioned spheroidal shape, desirably has an axis of rotational 
symmetry. Examples of shapes having axes of rotational symmetry are shapes having smooth contour lines without 
angles or indentations in the cross-section containing the axis of rotational symmetry, such as shapes having a contour 
line in the fomi of an ellipse in which the minor axis con-esponds to the axis of rotational symmetry in the above cross 
section. When one of the angles fomned between a tangent to the contour line at a point on the contour line of the 

25 prefomi in the above cross-section and a line connecting that point on the contour line to the center of the prefonn 
along the axis of rotational symmetry Is denoted as 9, as the point departs from the axis of rotational symmetry moving 
along the contour line, a shape in which G increases monotonically from 90*^, decreases monotonically, and then in- 
creases monotonically. becoming 90° at the other point where the contour line intersects the axis of rotational symmetry, 
is desirable. 

30 [0055] The precision press molding prefonn of the present invention is as follows. 

[0056] The first aspect of the precision press molding preform of the present invention is comprised of an optical 
glass having essential components in the fonn of P2O5, NbgOg, WO3, TiOg, BI2O3, Li20, and NagO; optional compo- 
nents in the fomi of B2O3, BaO, ZnO, KgO, SbgOa, and AS2O3; where the content of BiaOa exceeds 4 weight percent 
but does not exceed 15 molar percent; the combined quantity of Nb205, WO3, TiOg. and BigOa is from 25 to 45 molar 

35 percent; the combined quantity of LigO, Na20, and K2O is less than or equal to 42 molar percent; the combined quantity 
of the essential components and optional components is greater than or equal to 98 molar percent; the refractive index 
(nd) Is from 1 .75 to 2.0; and the Abbe number (vd) is from 18 to 30. The above quantity of 81203 Is desirably greater 
than or equal to 4.5 weight percent, preferably greater than or equal to 5 weight percent. 

[0057] The second aspect Is comprised of an optical glass having essential components In the fomn of P2O5, Nb205, 
40 WO3, TiOg, BI2O3, LigO, Na20, and B2O3; optional components in the form of BaO, ZnO, K2O, Sb203, and AS2O3; 
where the content of BigOg is from 0.6 to 15 molar percent; the combined quantity of NbgOg, WO3, TiOg, and 61203 is 
from 25 to 45 molar percent; the combined quantity of Li20, NagO, and KgO is less than or equal to 42 molar percent; 
the combined quantity of the essential components and optional components is greater than or equal to 98 molar 
percent; the refractive Index (nd) Is from 1 .75 to 2.0; and the Abb§ number (vd) Is from 1 8 to 30. The quantity of B2O3 
45 Is desirably 1 to 15 molar percent, preferably 1 to 12 molar percent. 

[O058] The third aspect thereof Is comprised of an optical glass having essential components in the form of P2O5, 
Nb205, WO3, TiOg, Bi203, LigO, and Na20; comprising optional components in the fonn of B2O3, BaO, ZnO, K2O, 
SbgOg, and AS2O3; where the content of WO3 is less than 15 weight percent; the content of BiaOg is from 0.5 to 15 
molar percent; the combined quantity of Nb205. WO3, T102, and BI2O3 is from 25 to 45 molar percent; the combined 
so quantity of Li20, Na20, and K2O is less than or equal to 42 molar percent; the combined quantity of the essential 
components and optional components.is greater than or equal to 98 molar percent; the refractive index (nd) is from 
1 .75 to 2.0; and the Abb6 number (vd) is from 18 to 30. The above content of WO3 ts desirably less than or equal to 
14.5 weight percent, preferably less than or equal to 14 weight percent. 

[0059] In each of the above-stated first through third aspects, the content of LIgO of the glass desirably exceeds 3 
ss weight percent with a desirable upper limit to the Ll^O content of 15 weight percent. Further, prefonns comprised of 
glass having composition ranges consisting of the overlapping portions of the composition ranges of the first and second 
aspects, prefonns comprised of glass having composition ranges consisting of the overiapping portions of the compo- 
sition ranges of the second and third aspects, preforms comprised of glass having composition ranges consisting of 
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the overlapping portions of the composition ranges of the third and first aspects; and prefonns comprised of glass 
having composition ranges consisting of the overlapping portions of the composition ranges of the first, second, and 
third aspects are of even greater preference. 

[0060] The reasons for the composition limits, desirable composition ranges, and desirable ranges of the various 
5 characteristics of the prefomn of the present invention are identical to those given for glasses (1 ) and (2) above. 

[0061] The surface of any of the various above-described preforms may be provided with a thin film such as a mold 

separation film as needed. Examples of mold separation films are cartDon-containing films and self-assembled films. 

The preform pemiits the press molding of an optical element having desired optical constants. 

[0062] The precision press molding prefomn of the present invention is produced by fomiing glass gobs of the above- 
10 stated composition from glass melt and solidifying them without mechanical processing following solidification. That 

is, the precision press molding prefomfi of the present invention can be manufactured by separating a gob of glass melt 

of prescribed weight from a glass melt flow and cooling and solidifying the glass gob to forni a preform comprised of 

the above-stated optical glass having the prescribed weight. 

[0063] The above method affords the advantages of not requiring mechanical processing such as cutting, grinding, 

15 or polishing. In pref omris requiring mechanical processing, annealing must be conducted priorto mechanical processing 
to reduce defonnation of the glass to a degree where no damage results. The above method of manufacturing a preform 
does not require annealing to prevent damage, and pemnlts the formation of prefomis with smooth surfaces, 
[0064] in the above method of manufacturing a preform, the prefomn is desirably molded while being floated by 
applying wind pressure from Ihe perspective of imparting a smooth, clean surface. Further, a preform formed by so- 

20 lidifying glass the entire surface of which Is in a molten state and a preform the surface of which is comprised of a free 
surface, that is, the entire surface of which Is a free surface, are desirable. Further, preforms without cutting scars 
l<nown as "shear marks" are desirable. Shear mari<s are generated during cutting with a blade as the glass melt flows 
out. When shear marks remain from the stage of molding a precision press-molded article, those portions become 
defects. Thus, it is desirable to eliminate shear marks from the preform stage. Examples of methods of separating the 

25 glass melt without producing shear martcs and without employing a cutting blade Include the method of causing the 
glass melt to drip from a flowpipe and the method of supporting the front end of a glass melt flow emerging from a 
f lowpipe and then removing the support at a timing capable of separating a glass melt gob of prescribed weight (known 
as the drop-cut method). In the drop-cut method, the glass is separated at a constriction formed between the front end 
side and the flowpipe side of the glass melt flow, making It possible to obtain a glass melt gob of prescribed weight. 

30 The glass melt gob obtained is then molded Into a suitable shape for feeding to press molding white in a softened state 
to obtain a prefonn. 

[0065] In the above-described method of manufacturing a preform, a glass melt gob corresponding to one preform 
is separated and the glass gob is molded into a preform while at a temperature at or above the softening point of the 
glass gob. However, it is also possible to cause the molten glass to flow into a casting mold, mold a glass member 
35 comprised of the above-described optical glass, and subject the molded glass member to mechanical processing to 
obtain a preform of desired weight. Before subjecting the molded glass member to mechanical processing, it is desirable 
to conduct an adequate defonnation-reiieving treatment by annealing the glass. 

[Optical element and method of manufacturing tlie same] 

40 

[0066] The optical element of the present invention is comprised of the above-described optical glass. It can be 
manufactured by heating and precision press molding the above-described prefomn. 

[0067] The present invention provides an optical element having desired optical constants which, because it is com- 
prised of optical glass, has the various characteristtes (refractive Index (nd) and Abb6 number (vd)) of the above- 
45 described glass. 

[0068] Examples of the optical element of the present invention are various lenses such as spherical lenses, aspher- 

icai lenses, and microlenses; diffraction gratings; lenses with diffraction gratings; lens arrays; and prisms. The optical 
element is desirably obtained by heat softening and precision press molding a preform. 

[0069] Thin optical films such as antirefiective films, fully reflective films, partially reflective films, and films having 

50 spectral characteristics can be formed on the optical element as needed. 

[0070] The method of manufacturing an optical element of the present invention will be described next 
[0071] The method of manufacturing an optical element of the present invention is characterized In that a press 
molding preform comprised of the above-described optical glass or a press molding prefomn manufactured by the 
above-described method of manufacturing is heated and precision press molded, 

55 [0072] The precision press molding metiiod is also known as the moid optics fomning method, and Is well-known in 
the field of art of the present invention. 

[0073] Any surtace of an optteal element that passes, refracts, diffracts, or reflects light traveling along the optical 
axis of an optical element is called an optically functional surface. Taking the example of a lens, surfaces such as the 
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aspherlcal surface of an aspherical lens and the spherical surface of a spherical lens correspond to optically functional 
surfaces. The precision press-moiding method precisely transfers the molding surface of a pressing mold to the glass, 
thereby forming an optically functional surface by press molding. There is no need to conduct mechanical processing 
such as grinding or polishing to finish an optically functfbharsurface. 
5 [0074] Accordingly, the method of the present invention Is suited to the manufacturing of optical elements such as 
lenses, lens an*ays, diffraction gratings, and prisms, and is optimal for the highly efficient manufacturing of aspherical 
lenses. 

[0075] The method of manufacturing an optical element of the present invention pemilts the manufacturing of optical 
elements having the above-stated optical characteristics and permits the press molding of preforms of glass having a 

10 low glass transition temperature (Tg) at relatively low temperatures, thereby reducing the load on the molding surface 
of the pressing mold and extending the service life of the pressing mold. Since the glass constituting the preform is 
highly stable, devitrification of the glass is effectively prevented during the reheating and pressing steps. Further, the 
series of steps from melting the glass to obtaining the final product can be conducted with high efficiency. 
[0076] Pressing molds the use of which Is known in preciston press molding, such as those made out of materials 

IS such as silicon carbide, ultra-hard materials, and stainless steel with a nidid separation film applied on the molding 
surface, may be employed. Pressing molds made out of silicon cart^ide are preferred. Cartjon-containing films, noble- 
metal alloy films, and the like may be employed as the mold separation film, with carbon-containing films being pref en^ed 
from the perspective of durability and cost 

[0077] In phosphate glass containing high refractive index*lmparilng components, the glass reacts with the mold 
^ separation film, particularty cartson-containing films, on the surface of the pressing mold during precision press molding, 
generating scratches and bubbles on the surface of precision press-molded articles. However, the use of the above 
preform reduces or prevents the generation of such scratches and bubbles. The pressing moid is equipped with an 
upper mold and a lower mold and, as needed, a sleeve. 

[0078] In precision press molding, a non-oxidizing gas is desirably employed as the atmosphere during molding to 
25 protect the molding surface of the pressing mold. Desirable non-oxidizing gases are nitrogen and a mixture of nitrogen 
and hydrogen, 

[0079] A precision press molding method particularly suited to the method of manufacturing an optical element of 
the present invention will be described next. 

30 (Precision press molding method 1 ) 

[0080] In this method, a press molding prefomri is introduced into a pressing mold, both the pressing mold and preform 
are heated together, and precision press molding Is conducted (referred to as "precision press molding method 1). 
[0081] In precision press molding method 1 , both the pressing mold and the prefomn are desirably heated to a tem- 
35 perature at which the glass constituting the prefomn exhibits a viscosity of from 1 0^ to 1 0^ ^ dPa-sec (poise) and precision 
press molding is conducted. 

[0082] Cooling is then desirably conducted to a temperature at which the glass exhibits a viscosity of greater than 
or equal to 1 0^2 dPa sec, desirably greater than or equal to 1 0^^ dPa-sec, and preferably greater than or equal to 1 0^® 
dPa-sec, after which the precision press-molded article Is removed from the pressing mold. 
40 [0083] The shape of the molding surface of the pressing mold can be precisely transfen'ed to the glass and the 
precision press-molded article removed without defomiation under the above-stated conditions. 

(Precision press molding method 2) 

45 [0084] in this method, the pressing mold and the press molding prefomn are separately preheated, the preheated 
preform Is introduced into the pressing mold, and precision press molding is conducted (refen^ed to as "precision press 
molding method 2). 

[0085] In precision press molding method 2, sincethe above-described prefonn is preheated prior to being introduced 
into the pressing mold, optical elements can be manufactured with good surface precision and without surface defects 

50 while decreasing the cycle time. 

[0086] The temperature to which the pressing moid is preheated is desirably set lower than the temperature to which 
the preform is preheated. Preheating the pressing mold to a lower temperature reduces wear and tear on the mold. 
[0087] In precision press molding method 2, the above-described preform is desirably heated to a temperature at 
which the glass constituting the prefonn exhibits a viscosity of less than or equal to 1 0^ dPa-sec, preferably 1 0^ dPa-sec. 

55 [0088] The above-described preform is desirably preheated while being floated, and Is preferably preheated to a 
temperature at which the glass constituting the prefomi exhibits a viscosity of from 1 05 5 to i o9 dPa-sec, more preferably 
to a temperature of greater than or equal to 105-5 dPa sec and less than 10^ dPa-sec. 

[0089] Cooling of the glass is desirably started either simultaneously with the start of pressing or during pressing. 
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[0090] The temperature of the pressing mold is adjusted lower than the temperature to which the preform is preheat- 
ed; a temperature at which the glass exhibits a viscosity of from 1 0® to 1 dPa sec can sen/e as a standard. 
[0091 ] I n this method, following press molding, mold separation is desirably conducted after cooling to a temperature 
at which the glass exhibits a viscosity of greater than or equal to 10''2 dPa-sec. 
5 [0092] The precision press-molded optical element is removed from the pressing mold and, as needed, gradually 
cooled. When the molded article is an optical element such as a lens, a thin optical film can be coated on the surface 
thereof. 

[Embodiments] 

10 

[0093] Embodiments of the present invention are described below. 
(Embodiments 1 to 40) 

15 [0094] Table 1 gives the glass composition in molar percentages, refractive index (nd), Abb6 number (vd), transition 
temperature (Tg), sag temperature (Ts), liquid phase temperature (LT.), and specific gravity of each of the embodi- 
ments. Various corresponding oxides, hydroxides, carbonates, and nitrates were employed as the starting materials 
of the various components of each of the glasses. The starting materials were weighed out to yield the compositions 
shown in Table 1 following vilrificalion, thoroughly mixed, charged to a platinum crucible, melted at a temperature 

20 ranging from 1 ,000 to 1 ,250**C in an electric furnace, homogenized by stirring, clarified, and then cast in a metal mold 
preheated to a suitable temperature. Once the cast glass had been cooled to the transition temperature, it was imme- 
diately placed in an annealing furnace and gradually cooled to room temperature, yielding the various optical glasses. 
[0095] The refractive index (nd), Abb6 number (vd), transition temperature (Tg), sag temperature (Ts), and liquid- 
phase temperature (L.T.) of the optical glasses obtained were measured as set forth below. The results are given in 

25 Tables 2 and 3. Table 4 gives the weight percentages converted from the compositions of the glasses shown in Table 
1 above and Table 6 gives the cationic ratios given in percentage converted from the compositions of the glasses 
shown in Table 1 . 

(1) Refractive index (nd) and Abb6 number (vd) 

30 

[0096] Measured for optical glass obtained at a gradual temperature cooling rate of -30°C/hour 

(2) Transition temperature (Tg) and sag temperature (Ts) 

35 [0097] Measured at a heating rate of 4'>C/min with a thennomechanical analyzer made by Rigaku Denki K.K. 

(3) Liquid-phase temperature (L.T.) 

[0098] Glass samples weighing 50 g each were charged to platinum caicibles; melted by heating for about 1 5 to 60 
40 minutes at about 1 ,100 to 1 ,200**C ; cooled to a temperature below glass transition temperature; and then reheated 
and maintained for 2 hours at a temperature of 880*'C, 890»C. 900'C, giO^C, 920»C. 930*C, 940*^0, or 950»C; and 
cooled. The presence or absence of crystal precipitation was observed by microscopy, and the lowest temperature at 
which no crystals were observed was adopted as the liquid-phase temperature (LT). 

45 (4) Specif te gravity 

[0099] Calculated by Archimedes' method. 
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Table 2 



No. 


Specrfic gravity 


Tg 
rc) 


Ts 
CC) 


nd 


vd 


Liquid phase temperature 

rc) 
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1.84541 


23.15 
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22.74 


920 
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930 
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Tabic 2 (continued) 
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Table 3 
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Tables (continued) 



No. 


Specific gravity 


Tg 
(rc) 


Ts 
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Liquid phase temperature 
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Table 4 





No. 


Composition (Weight %) 






P2O5 


Nb205 


WO3 


TlOg 


BI2O3 


LIgO 


Na20 


K2O 


B2O3 


BaO 


ZnO 


Total 


15 


1 


24.3 


36.0 


13.2 


2.8 


6.7 


4.3 


4,9 


1.3 


2.0 


3.3 


1.2 


100.0 




2 


22.8 


35.2 


12.9 


2,8 


9.8 


4,2 


4.8 


1,3 


1,9 


3.2 


1.1 


100.0 




3 


21.3 


34.4 


12.7 


2.7 


12.7 


4.1 


4.7 


1,3 


1.9 


3.1 


1.1 


100.0 


20 


4 


22.3 


34.5 


12.7 


2,7 


12.7 


4.1 


4.6 


1.3 


1.9 


2.1 


1.1. 
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5 


21.8 


33.7 


12.4 


2.7 


15.6 
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1.9 


1.0 


1.1 


100.0 
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0.0 


1.1 
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25 
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0.0 


1.1 
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0.0 


1.1 
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33.0 
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5.3 


1.2 
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4.0 


0.0 
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30 


11 


22.8 
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8.1 


2.8 


16,3 


3.7 
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0.0 


1.9 


2.1 


1,1 
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1.6 
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1.1 
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24.7 


34.6 


8.4 


3.6 


13.5 


4.3 


7.6 


1.4 


2.0 


0.0 


0.0 


100,0 




19 


23.7 


33.3 


8.1 


2.8 


16.2 


4.1 


6.5 


1.3 


1.9 


2.1 


0.0 


100,0 




20 


24.5 


34.4 


8.3 


3.4 


13.4 


4.3 


6.7 


1.3 


2.0 


1.1 


0.6 


100.0 


45 


21 


25.0 


35.1 


8.5 


2.9 


10.3 


4,4 


6.8 


1.4 


2.1 


2.3 


1.2 


100.0 


22 


25.6 


35.8 


8.7 


3.0 


7.0 


4,5 


6.5 


1.4 


2,1 


3.5 


1.8 


100.0 




23 


25.0 


35.1 


8.6 


2,9 


10.3 


4.4 


6.4 


1,4 


2,6 


2.2 


1.2 


100.0 




24 


24.0 


35.5 


8.2 


2.8 


13.1 


4,2 


5.7 


1.3 


2.0 


2.1 


1.1 


100.0 


SO 


25 


25.9 


35.4 


8.1 


2.8 


13.1 


4.2 


5.6 


1.3 


1.9 


1.1 


0.6 


100.0 




26 


26.8 


35.2 


8.1 


2.8 


13.0 


4.2 


5.6 


1,3 


1.9 


1,1 


0.0 


100.0 




27 


25.0 


35.6 


8.2 


2.8 


13.1 


4,2 


6,7 


1.3 


2.4 


1.1 


0;6 


100,0 


55 


28 


24.8 


35.2 


8.1 


2.8 


13.0 


40 


5,6 


1.3 


2.0 


2.1 


1.1 


100.0 


29 


25.6 


35.0 


8.0 


2.8 


12.9 


3,7 


5.6 


1.3 


1.9 


2.1 


1.1 


100.0 




30 


24.1 


35.8 


8.2 


2.8 


13.2 


4.2 


5.7 


1.3 


3.0 


1.1 


0.6 


100.0 
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Tablo4 (continued) 



No. 










Composition (Weight ' 


%) 
















wo 


1 1VJ2 






NaaO 


KgO 




BaO 


ZnO 


Total 


31 


24.2 


OQ.O 


d.^ 




13,2 


4.2 


5.7 


1.3 


3,6 


1.1 


0.0 


100.0 


32 




O 1 .o 


0./ 


o.U 


23.2 


3.3 


4.3 


1.2 


1.7 


1.9 


0.0 


100.0 


33 




A3. 1 


0. # 




23.2 


3.4 


6.0 


1.2 


1.7 


0.0 


0.0 


100.0 


34 


21.2 


29.8 


8.7 


3.0 


26.1 


3.3 


5.0 


1.2 


1 7 


rt ft 


U.U 


100.0 


35 


24:j[> •; 


:-3S.5 


8,2 


2.8 


13.1 


4.2 


5.7 


1.3 


2.4 


2.2 


0.6 


100.0 


36 


23.7 


35.2 


'9.7. 


•2.8, 


13.0 


4.2 


5.6 


1.3 


2.4 


2.1 


0.0 


100.0 


37 


24.0 


33.7 


9.8 


3.4 


I3.r ' 


^ 4.2 


5.7 


1.3 


20 


2.2 


0.6 


100.0 


38 


24.8 


35.2 


9.7 


2,8 


13.0 


4.4 


5.2 


1.3 


; 1.9 


1.1 


0.6 


100.0 


39 


24.6 


34.9 


9.6 


2.8 


12.9 


4.1 


5.1 


1.3 


1.9 


2.2 


0:6 


100.0 


40 


25.0 


35.1 


8.5 


2.9 


10.3 


4.4 


5.9 


1.4 


3.1 


2.2 


1.2 


100.0 



Table 5 



No 








Composition (Cation ic %) 




P 


Nb. 


W 


Tl 


Bi 


W/f Nb 4-W4-TI 
+Bi) 




In a 


t\ 


D 


Ba 


Zn 


Total 


. 1 


26.4 


20.9 


4.4 


2.7 


2.2 


0.148 


22 


12.1 


2.2 


4.4' 


1.6 


1.1 


100.0 


p 


^o.o 




A A 

4.4 


2.7 


33 


0.141 


22 


12.1 


2.2 


4.4 


1,6 


1,1 


100.0 


3 


24.2 


20.9 


4.4 


2.7 


4.4 


0.138 


22 


12,1 


2.2 


4.4 


1.6 


t.1 


100.0 


4 


25.1 


20.7 


4.4 


2.7 


4.4 


0.137 


21.9 


12 


2.2 


4,4 


1.1 


1.1 


100.0 


5 


25 


20.7 


4.4 


2.7 


5.4 


0-1.33 


21,7 


12 


2.2 


4.3 


0.5 


1.1 


100.0 


6 


24.9 


20.5 


4.3 


2.7 


6.5 


0.126 


19.4 


14.1 


2.2 


4.3 


0 


1.1 


100.0 


7 


23.8 


20.6 


4.3 


2.7 


6.6 


0.126 


16.2 


16.2 


4.3 


4.3 


0 


1.1 


100.0 


8 


24.9 


20.5 


4.3 


2.7 


4.3 


0.135 


19.6 


16.2 


2.2 


4.3 


0 


1.1 


100.0 


9 


24.3 


20.1 


2.1 


2.7 


8.5 


0.063 


19 


15.9 


2.1 


4.2 


0 


1.1 


100.0 


10 


24 9 


20.5 


3.2 


2.7 


6.5 


0.097 


19.4 


14.1 


2.2 


4.3 


2.2 


0 


100.0 


11 


24.7 


19.3 


2:7 ' 


2.7 


6.4 


0.09 


19.3 


194 


0 


4.3 


1.1 


1.1 


100.0 


12 


24,3 


22.2 


3.2 


1.6 


6,4 


0.096 


19 


15.9 


2.1 


4.2 


0 


1.1 


100.0 


13 


24.6 


20.3 


4.3 


1.6 


6.4 


0.132 


19.3 


16 


2,1 


4,3 


0 


1.1 


100.0 


14 


24.6 


20.3 


5.4 


0.5 


6.4 


0.166 


19.3 


16 


2A 


4,3^ 


0 


. 1.1 


100.0 


15 


25.7 


19.2 


3.2 


2.7 


6.4 


0.102 


19.3 


16 


2.1 


4.3 


0 


1.1 


100.0 


16 


25.9 


19.5 


2.7 


3.2 


4.3 


0.091 


21.6 


14.1 


2.2 


4.3 


1.1 


1.1 


100.0 


17 


26.7 


19.2 


2.7 


3.2 


4.3 


0.082 


21.4 


16 


2.1 


4.3 


1,1 


0 


100.0 


18 


25.4 


19.1 


2.6 


3.2 


4.2 


0.089 


21.2 


18 


2.1 


4.2 


0 


0 


100.0 


19 


25.5 


19.1 


2.7 


2,7 


5.3 


0.091 


21.3 


16.9 


2.1 


4.3 


1.1 


0 


100.0 


20 


25.7 


19.3 


2.7 


3.2 


4.3 


0.092 


21 .4 


16 


2.1 


4.3 


0.5 


0.5 


100.0 


21 


25.8 


19.3 


2.7 


2.7 


3.2 


0,097 


21.6 


16.1 


2.2 


4.3 


11 


1.1 


100.0 


22 


28.1 


19.6 


2.7 


2.7 


2.2 


0.099 


21.7 


16.2 


2.2 


4,4 


1.6 


1.6 


100.0 
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Table 5 (continued) 



25 



30 



No 


Composition (Cationic %) 


P 


Nb. 


W 


Tl 


Bi 


W/(Nb 4-W+Ti 
+t>l) 


Li 


Na 


K 


B 


Ba 


Zn 


Total 


23 




1 o.o 


0 7 


0 7 


*k 0 


n nQ7 








o.*t 


1 .1 


1.1 


100.0 


24 


OR ft 




O 7 


O 7 


*4.0 


n no 

u.uy 


01 «; 




C 1 


H-.O 


1 . 1 


i 1 
1 . 1 




25 


0*7 C 

^/ .b 


on o 


O T 


O 7 




u.uy 


Oi Q 
21 .0 


H O ft 

1 O.O 


O 1 

2.1 


A ^ 
'f.O 


n 


u.o 


1 uu.u 


26 




on 1 


O 7 


O R 


A O 
4.2 




04 O 
21 .2 


HQ ft 
1 O.o 


O 1 
2.1 


4 O 


n 


n 


1 nn n 
1 uu.u 


£ r 




on o 


O 7 


O 7 


4.0 


n no 
U.U9 


21 .0 


H O ft 
1 O.O 


O 1 
2.1 


O.O 


u.o 


n R 
u.o 


1 uu.u 


28 


26.9 


20.4 


O 7 

d.f 


2./ 


4.0 


0.09 


20.4 


14 


2.1 


4.0 


1 .1 


4 4 

1 .1 


H nn n 
1 UU.U 




CI M 


on A 


O 7 


O 7 


4.0 


U.uy 


iy.4 


1 4 


O 1 

2.1 


A Q 
4.0 


■1 -1 
1 .1 


i 4 

1 .1 


^ nn n 

1 UU.U 




25.5 


20.2 


ZJ 


O "7 
2./ 


/I o 

4.0 


0.09 


21 .3 


lo.o 


2.1 


£5 A 

b.4 


u.o 


ft C 

U.5 


■4 ftn ft 

1 uu.u 


O 1 


25.4 


20. 1 




2.0 


4.2 


0.091 


21 .2 


lo.o 


2.1 


/.4 


u.o 


ft 
U 


H ftn ft 
1 UU.U 




oc o 
25.0 


20.4 




0.2 


o.o 


0.09 


A 

19.4 


11 .O 


2.2 


4.0 


1 .1 


U 


w nn ft 
1 UU.U 






o^ o 


Q O 


O A 


ft 


n no 

U.uy 


H Q 

1 y 


1 Q ft 
1 O.O 


O 1 

i£. 1 


il o 


ft 

u 


ft 
u 


^ nn n 
1 uu.u 


34 


26.5 


19.2 


3.2 


3.2 


9.6 


0.091 


19.1 


13.8 


2.1 


4.3 


0 


0 


100.0 


35 


25.7 


20.3 


2.7 


2.7 


4.3 


0.09 


21.4 


13.9 


2.1 


5.3 


1.1 


0.5 


100.0 


36 


25.7 


20.3 


3.2 


2,7 


4.3 


0.105 


21.4 


13.9 


2.1 


5.3 


1.1 


0 


100.0 


37 


26 


18.5 


3.2 


3.2 


4.3 


0.106 


21.6 


14.1 


2.2 


4.3 


1.1 


0.6 


100.0 


i 38 


25.7 


20.3 


3.2 


2.7 


4.3 


0.105 


22.5 


12.8 


2.2 


4.3 


0.5 


0.5 


100.0 


39 


26.9 


20.4 


3.2 


2.7 


4.3 


0.105 


21.5 


12.9 


2.2 


4.3 


1.1 


0.5 


100.0 


40 


25.8 


19.3 


2.7 


2.7 


3.2 


0.097 


21.5 


14 


2.1 


6.5 


1.1 


1.1 


100,0 



(Embodiment 41) 



[0100] The clarified and homogenized glass melts corresponding to Embodiments 1 to 40 were made to flow at a 
constant rate from a platinum alloy pipe adjusted to a temperature falling within a temperature range penmitting stable 
flow, a glass melt gob of the weight of the targeted prefomn was separated by dripping or the drop-cut method, the 
glass melt gob was received in a receiving mold having gas spray nozzles in the bottom, and a press molding preform 
was formed while blowing gas through the gas spray nozzles to float the glass gob. The separation interval of the glass 
melt was adjusted and set to obtain spherical preforms 2 to 30 mm in diameter. The weight of the preform was rendered 
precisely uniform with the setting value and all of the prefomis had smooth surfaces. 

(Embodiment 42) 

[0101] The prefonn obtained in Embodiment 41 was precision press molded In the pressing mold shown in Fig. I to 
obtain an aspherical lens. Specifically, the preform was positioned between a lower mold 2 and an upper mold 1 
constituting the pressing mold, the Interior of a quartz tube 11 was backfilled with a nitrogen atmosphere, and power 
was supplied to a heater 1 2 to heat the interior of quartz tube 1 1 . The temperature on the Interior of the pressing mold 
was adjusted to a temperature at which the glass being molded exhibited a viscosity of from 1 0® to 1 Qi^^ dPa-sec. While 
maintaining this temperature, a pressing rod 13 was lowered to press down upon upper mold 1 , thereby pressing the 
prefonn that had been positioned within the pressing mold. The pressure applied was 8 MPa and the pressing time 
was 30 seconds. Following pressing, the pressure was removed and the press-molded glass article was gradually 
cooled to a temperature at which the glass exhibited a viscosity of greater than or equal to 10^^ dPa-sec with lower 
mold 2 and upper mold 1 still In contact. The press-molded glass arttole was then cooled to room temperature and 
removed from the pressing mold, yielding an aspherical lens. The aspherical tens obtained had extremely high surface 
precision. 

[0102] An ahtireflectlve film may be provided as needed on an aspherical lens obtained by precision press molding. 
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(Embodiment 43) 

[0103] The prefomi obtained in Embodiment 41 was preheated to a temperature at which the glass constituting the 
prefomi exhibited a viscosity of 10^ dPa-sec while floating the preform. A pressing mold comprised of an upper mold, 

5 lower mold, and sleeve was heated to a temperature at which the glass exhibited a viscosity of from 1 0^ to 1 0''^ dPa-sec, 
the preheated preform was introduced into a cavity in the pressing mold, and precision press molding was conducted. 
The pressure applied was 1 0 MPa. Cooling of the glass and pressing mold was begun with the start of pressing. After 
cooling to a temperature at which the molded glass exhibited a viscosity of greater than or equal to 10^^ dPa*sec, the 
molded article was removed from the mold, yielding an aspherical lens. The aspherical lens obtained had extremely 

10 high surface precision. 

[0104] An antireflective film may be provided as needed on an aspherical tens obtained by precision press molding. 



Claims 

15 

1. An optical glass for precision press molding characterized by comprising essential components In the form of 
P2O5, Nb205, WO3, TlOg, BI2O3, LI2O, and Na20; comprising optional components In the fonn of B2O3, BaO, ZnO, 
K2O, SbgOs, and A^Oq, where the content of 61203 exceeds 4 weight percent but does not exceed 15 molar 
percent; the content of Lt20 exceeds 3 weight percent but does not exceed 15 weight percent; the combined 
20 quantity of Nb205, WO3, Ti02, and 61203 is from 25 to 45 molar percent; the combined quantity of U2O, t^BzO, 

and K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 
components is greater than or equal to 98 molar percent; the refractive Index (nd) is from 1 .75 to 2.0; and the Abb§ 
number (vd) is from 18 to 30. 

25 2. An optical glass for precision press molding characterized by comprising essential components in the fomi of 
P2O5, Nb205, WO3, TIO2, 61203, Li20, Na20, and B2O3; comprising optional components in the fomi of 6aO, ZnO, 
K2O, Sb203, and AS2O3; where the content of 61203 is from 0.5 to 15 molar percent; the content of LI2O exceeds 

3 weight percent but does not exceed 15 weight percent; the combined quantity of Nb205, WO3, TiOg, and BigOa 
is from 25 to 45 molar percent; the combined quantity of LigO, Na20, and K2O Is less than or equal to 42 molar 

30 percent; the combined quantity of the essential components and optional components is greater than or equal to 

98 molar percent; the refractive index (nd) is from 1 .75 to 2.0; and the Abbe number (vd) is from 18 to 30. 

3. An optical glass for precision press molding characterized by comprising essential components in the fonn of 
P2O5, NbaOs, WO3, TIO2, BI2O3, U2O, Na20; comprising optional components in the fomn of B2O3, BaO, ZnO, 

35 K2O, SbgOs, and AS2O3; where the content of WO3 is less than 15 weight percent; the content of 61203 is from 
0.5 to 15 molar percent; the content of Li20 exceeds 3 weight percent but does not exceed 1 5 weight percent; the 
combined quantity of NbgOs, WO3, TIO2, and 61203 is from 25 to 45 molar percent; the combined quantity of Li20, 
Na20, and K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and 
optional components is greater than or equal to 98 molar percent; the refractive index (nd) is from 1 .75 to 2.0; and 

40 the Abb6 number (vd) is from 1 8 to 30. 

4. An optical glass characterized by comprising 16 to 30 molar percent of P^Og, 5 to 25 molar percent of Nb205, 1 
to 40 molar percent of WO3, 1 to 1 0 molar percent of Ti02, 0.5 to 15 molar percent of 6(203 (where 61203 exceeds 

4 weight percent and the combined quantity of Nb205, WO3, T1O2, and BI2O3 is from 25 to 45 molar percent), 4 to 
45 25 moiar percent of Li20 (but exceeding 3 weight percent), 4 to 25 molar percent of Na20, 0 to 15 molar percent 

of K2O (where the combined quantity of LisO, NagO and KgO is less than or equal to 42 molar percent), 0 to 15 
molar percent of 62O3, 0 to 15 molar percent of 6aO, 0 to 1 2 molar percent of ZnO, 0 to 1 molar percent of Sb203, 
and 0 to 1 molar percent of AS2O3; and in that the combined quantity of the above components is greater than or 
equal to 98 molar percent. 

so 

5. An optical glass characterized by comprising 18 to 30 molar percent of P2O5, 5 to 25 molar percent of Nb205, 1 
to 40 molar percent of WO3, 1 to 1 0 molar percent of Ti02, 0.5 to 1 5 molar percent of BigOg (where the combined 
quantity of Nb205, WO3, T1O2, and 61203 is from 25 to 45 molar percent), 4 to 25 molar percent of Li20 (but 
exceeding 3 weight percent), 4 to 25 molar percent of NagO, 0 to 15 molar percent of KgO (where the combined 

55 quantity of Li20, NasO and KgO is less than or equal to 42 molar percent), more than 0 but less than or equal to 

15 molar percent of B2O3, 0 to 15 molar percent of BaO, 0 to 12 molar percent of ZnO, 0 to 1 molar percent of 
Sb203, and 0 to 1 molar percent of AS2O3; and in that the combined quantity of the above components is greater 
than or equal to 98 molar percent. 
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6. An optical glass characterised by comprising 1 6 to 30 molar percent of PgOg, 5 to 25 molar percent of Nb205, 1 
to 40 molar percent of WO3 (but less than 1 5 weight percent), 1 to 1 0 molar percent of T1O2, 0.5 to 1 5 molar percent 
of BigOa (where the combined quantity of Nb205, WO3, TiOa. and BiaOa is from 25 to 45 molar percent). 4 to 25 
molar percent of LigO (but exceeding 3 weight percent), 4 to 25 molar percent of NagO, 0 to 15 molar percent of 
K2O (where the combined quantity of LiaO, NagO and K2O is less than or equal to 42 molar percent), 0 to 15 molar 
percent of BgOg, 0 to 15 molar percent of BaO, 0 to 12 molar percent of ZnO, 0 to 1 molar percent of Sb203, and 
0 to 1 molar percent of AS2O3; and In that the combined quantity of the above components is greater than or equal 
to 9B molar percent. 

7. The optical glass according to any of claims 4 to 6 wherein the refractive Index (nd) is from 1 .76 to 2.0 and the 
Abb6 number (vd) is from 18 to 30. 

8. A precision press molding prefonn comprised of the optical glass according to any of claims 1 to 7. 

9. A precision press molding preform characterized: 

by being comprised of an optical glass having essential components In the fomi of P2O5. NbgOg, WO3, TIO2, 
BI2O3, LI2O, and NagO; optional components In the form of B2O3, BaO, ZnO, KgO, SbgOs, and ASgOg; where 
the content of 61203 exceeds 4 weight percent but does not exceed 15 molar percent; the combined quantity 
of NbgOs, WO3, TiOg, and Bi203 Is from 25 to 45 molar percent; the combined quantity of Li20, Na20, and 
K2O Is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 
components Is greater than or equal to 98 molar percent; the refractive Index (nd) Is from 1 .75 to 2.0; and the 
Abbe number (vd) Is from 18 to 30; 

in that a gob of the glass In a molten state has been solidified; and 
in that the preform has been shaped without mechanical processing. 

10. A prefomn for precision glass molding characterized: 

by being comprised of an optical glass having essential components in the fonn of P2O5, NbgOg, WO3, TiOg, 
Bi203, Li20, NagO, and B2O3; optional components in the form of BaO. ZnO. KgO, Sb203, and AsgOg; where 
the content of BI2O3 is from 0.5 to 15 molar percent; the combined quantity of Nb205, WO3, Ti02, and BI2O3 
is from 25 to 45 molar percent; the combined quantity of Li20. Na20. and K2O is less than or equal to 42 molar 
percent; the combined quantity of the essential components and optional components Is greater than or equal 
to 98 molar percent; the refractive index (nd) Is from 1 .75 to 2.0; and the Abb6 number (vd) Is from 1 8 to 30; 
in that a gob of the glass In a molten state has been solidified; and 
in that the prefonn has been shaped without mechanical processing. 

11. A prefomn for precision glass molding characterized: 

by being comprised of an optical glass having essential components in the form of P2O5, NbgOs, WO3, T1O2, 
BI203, Lj20, NagO; comprising optional components In thefomi of B2O3, BaO, ZnO, K2O, Sb203, and AS2O3; 
where the content of WO3 Is less than 1 5 weight percent; the content of Bi203 is from 0.5 to 1 5 molar percent; 
the content of Li20 exceeds 3 weight percent but does not exceed 15 weight percent; the combined quantity 
of NbgOg, WO3, Ti02, and BI2O3 is from 25 to 45 molar percent; the combined quantity of Li20, Na20, and 
K2O is less than or equal to 42 molar percent; the combined quantity of the essential components and optional 
components is greater than or equal to 98 molar percent; the refractive Index (nd) Is from 1 .76 to 2.0; and the 
Abb6 number (vd) is from 18 to 30; 

in that a gob of the glass in a molten state has been solidified; and 
in that the prefonn has been shaped without mechanical processing. 

12. A method of manufacturing a press molding preform characterized by comprising the steps of: . 

separating a prescribed weight of glass melt from a glass melt flow, and 

fomning a press molding preform comprised of this prescribed weight of the optical glass according to any of 
claims 1 to 7. 

13. An optical element comprised of the optical glass according to any of claims 1 to 7, which is in the fomi of a precision 
press-molded article. 
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14. An optical element obtained by precision press molding the precision press molding preform according to any of 
claims 8 to 11 or a precision press molding preform manufactured by the method of manufacturing according to 
claim 12. 

5 15. A method of manufacturing an optical element characterized In that the precision press molding prefonm according 
to any of claims 8 to 11 or a precision press molding preform manufactured by the method of manufacturing ac- 
cording to claim 12 is heated and precision press molded. 

16. The method of manufacturing an optical element according to claim 15 wherein the prefomi is Introduced Into a 
10 pressing mold, both the pressing mold and preform are heated together, and precision press molding is conducted. 

17. The method of manufacturing an optical element according to claim 15 wherein the pressing mold and preform 
. are separately heated, the preheated prefonn is introduced into the pressing mold, and precision press molding 

is conducted. 
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(54) Optical glass; press-molding preform and method of manufacturing same; and optical 
element and method of manufacturing same 



(57) The present invention relates to optical glass 
having a high refractive Index, high disperston, and a 
tow glass transition temperature; a preform comprised 
of the optical glass for precision press-molding and a 
method of manufacturing the same; and an optical ele- 
ment comprised of the optical glass and a method of 
manufacturing the same. An example of the optical 
glasses for precision press molding Is characterized by 
comprising essential components in the form of PgOg, 
NbgOg, WO3, TiOg, 81203, LI2O, and NagO; comprising 
optional components in the fomn of B2O3, BaO, ZnO, 
K2O, Sb203, and AS2O3; where the content of BI2O3 ex- 
ceeds 4 weight percent but does not exceed 15 molar 
percent; the content of Li20 exceeds 3 weight percent 
but does not exceed 15 weight percent; the combined 
quantity of Nb205, WO3, Ti02, and BigOg is from 25 to 
45 molar percent; the combined quantity of Ll20, Na20, 
and K2O Is less than or equal to 42 molar percent; the 
combined quantity of the essential components and op- 
tional components is greater than or equal to 98 molar 
percent; the refractive index (nd) is from 1 .75 to 2.0; and 
the Abbe number (v6) is from 1 8 to 30. 
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